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(54) APPARATUS FOR MANUFACTURING FULLERENE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus 
for manufacturing fullerene in which fullerene is 
manufactured and recovered in large quantities, at a low 
cost and easily, where the formation and stabilization of 
a precursor of fullerene is secured by controlling a 
temperature distribution in a reaction furnace by a 
combustion method. 

SOLUTION: The apparatus 10 for manufacturing 
fullerene by combusting a carbon-containing compound 
used as a raw material and an oxygen-containing gas in 
a reaction furnace 11 is equipped with a burner 12 
having inlets for supplying a carbon-containing 
compound 25, 26 and those for supplying the oxygen- 
containing gas 27, 28. At the outside of the reaction 
furnace 1 1, a plurality of outer cooling parts 18, 19, 20, 21 , 22, whose cooling capacities are 
independently controllable, are installed in a multistage manner against an moving direction of 
a gas flow of a combustion product formed by a combustion of the carbon-containing 
compound under the oxygen-containing gas. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] With a fission reactor equipped with the burner section for combustion which has a carbon 
content compound feed hopper and oxygen content gas supply opening It is the manufacturing 
installation of the fullerene which the carbon content compound and oxygen content gas used as a raw 
material are burned, and manufactures fullerene. In the outside of said fission reactor The manufacturing 
installation of the fullerene characterized by preparing refrigeration capacity independently in multistage 
to the migration direction of a combustion generation gas stream in which said carbon content 
compound is formed by burning under said oxygen content gas in two or more controllable outside 
cooling sections. 

[Claim 2] The manufacturing installation of the fullerene characterized by said each outside cooling 
section consisting of any 1 of a cooling pipe or the cooling jackets in the manufacturing installation of 
fullerene according to claim 1 . 

[Claim 3] The manufacturing installation of the fullerene characterized by circulating any 1 of the 
refrigerants other than water or water in said each outside cooling section in the manufacturing 
installation of fullerene according to claim 1 or 2. 

[Claim 4] The manufacturing installation of the fullerene characterized by having established the bridge 
wall which divides said combustion generation gas stream into the interior of said fission reactor, and 
moreover refrigeration capacity preparing independently two or more controllable inside cooling 
sections in multistage to the flow direction of said combustion generation gas stream in the 
manufacturing installation of fullerene given in any 1 term of claims 1-3 inside this bridge wall. 
[Claim 5] The manufacturing installation of the fullerene characterized by said each inside cooling 
section consisting of any 1 of a cooling pipe or the cooling jackets in the manufacturing installation of 
fullerene according to claim 4. 

[Claim 6] The manufacturing installation of the fullerene characterized by circulating any 1 of the 
refrigerants other than gas, water, and water in the manufacturing installation of fullerene according to 
claim 4 or 5 at said each inside cooling section. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing installation of fuUerene. 
[0002] 

Pescription of the Prior Art] FuUerene is the generic name of the third carbon allotrope which ranks 
second to a diamond and a graphite, and is the carbon molecule of the shape of hollow husks closed in 
the network of five membered-rings and six membered-rings so that it might be represented by C60 and 
C70 grade. Although it is comparatively that existence of fuUerene was finally checked and it is a 
comparatively new carbon material, it is admitted that the special molecular structure, therefore specific 
physical property are shown, for example, innovative application development is being quickly 
developed over the wide range following fields. 

(1) Application to a superhard ingredient : since manufacture of the artificial diamond which has a fine 
crystal grain child by using fuUerene as a precursor is possible, use to an abrasion resistance material 
with added value is expected. 

(2) Application to drugs : research as an application of an anticancer agent, an acquired immunode- 
ficiency syndrome, osteoporosis and the Alzheimer remedy, a contrast medium, a stent ingredient, etc. is 
advanced by using C60 derivative and an optical device. 

(3) Application to a superconducting material : if metaUic potassium is doped to a fuUerene thin film, it 
is discovered that a superconducting material with a high transition temperature called 18K can be made, 
and since various, attract attention. 

(4) Application to semi-conductor manufacture : it uses that resist structure is further strengthened with 
mixing C60 with a resist, and the appUcation to next-generation semi-conductor manufacture is 

expected. 

[0003] Also in the fuUerene of various carbon numbers, C60 and C70 are comparatively easy to 
compound, and it is expected that future need so also increases explosively. The approach shown below 
as the manufacture approach of fuUerene learned now is mentioned. 

(1) How to irradiate the pulse laser of a high energy consistency at the carbon taFget placed into laser 
vacuum deposition rare gas, evaporate a carbon atom, and compound fuUerene. Into an electric furnace, 
the quartz tube with which inert gas flows is made to penetrate, and a graphite sample is placed into the 
quartz tube. If laser is irradiated from the upstream of the flow of gas at a graphite sample and a carbon 
atom is evaporated, the soot containing fuUerene, such as C60 and C70, wiU adhere to the wall of the. 
quartz tube near an electric furnace outlet. However, the evaporation per shot of a pulse laser is slight, 
and it is unsuitable for extensive manufacture of fuUerene. 

(2) The approach to which carry out energization heating of the graphite rod in the gaseous helium 
ambient atmosphere below resistance heating method atmospheric pressure, and a carbon atom is made 
to sublimate. Since the electric resistance loss in the energization circuit constituted from a graphite rod 
is large, it is unsuitable for extensive manufacture of fuUerene. 

(3) the-ten number of arc discharge methods ~ the approach to which the carbon atom by the side of a 
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lifting and an anode plate is made to sublimate arc discharge in the condition of having contacted two 
graphite electrodes lightly in the gaseous helium ambient atmosphere held to kPa, or having detached 
about l-2mm. It is used for extensive manufacture of the fuUerene in current and a works scale. 

(4) How to heat an eddy current to raw material graphite by radio frequency heating method high 
frequency induction, heat raw material graphite with a sink and the Joule's heat to generate, and 
evaporate a carbon atom. 

(5) The approach of carrying out the incomplete combustion of the hydrocarbon raw materials, such as 
benzene, in the mixed gas of inert gas, such as combustion method helium, and oxygen. Manufacture 
effectiveness is not good at the point that several% of a benzene fuel serves as soot, and about 10% of 
them becomes fullerene. However, the soot which sub** is observed as a method of mass-producing the 
fuUerene which opposes an arc synthesis method in respect of a manufacturing installation being usable 
to liquid fuel etc., and simple etc. 

(6) The approach of carrying out the pyrolysis of the naphthalene thermal decomposition method 
naphthalene at about 1000 degrees C. 

[0004] As mentioned above, although the synthesis method of various fullerene by current is proposed, 
in which approach, the method of manufacturing fullerene in large quantities cheaply until now is not 
established. A combustion method is considered one of these approaches of the cheapest and efficient 
manufacture approach, and the manufacture approach of the fullerene by burning a carbon inclusion in a 
flame in the Patent Publication Heisei No. 507879 [ six to ] official report, and collecting condensates in 
it is indicated. When this manufacture approach bums a carbon inclusion in a flame, fullerene is 
manufactured and the fuel for combustion and the raw material of fullerene serve as the same carbon 
inclusion substantially. Although fullerene is contained in the soot-hke matter and it is generated, a part 
of this soot-like matter is the so-called carbon black. As the manufacture approach of carbon black, the 
furnace method, a channel process, thermal **, the acetylene method, etc. are learned, and the furnace 
method is mentioned as the industrial general manufacture approach. By this approach, use a cylinder- 
like fission reactor, supply oxygen content gas and fuels, such as air, to horizontal or a perpendicular 
direction to **** in the 1st reaction band, for example, and a combustion gas style is produced. Make it 
move to the 2nd reaction band which has the cross section which was installed in the lower stream of a 
river of furnace shaft orientations in the obtained combustion gas style, and was reduced as compared 
with the 1st reaction band, and supply a carbonaceous raw material (stock oil), for example, a 
hydrocarbon, it is made then, to react into a combustion gas style, and carbon black is made to generate. 
Subsequendy, the combustion gas style containing carbon black is moved to the 3rd reaction band on the 
lower stream of a river of the 2nd reaction band, cooling processing of spraying of cooling water etc. is 
performed in the style of combustion gas, combustion gas is quenched, a reaction is stopped, and carbon 
black is collected. 
[0005] 

[Problem(s) to be Solved by the Invention] However, by the manufacture approach of the above- 
mentioned usual carbon black, fullerene is hardly generated. Therefore, in manufacture of fullerene, it 
has been a big technical problem how the content rate of the fullerene contained in the soot-like matter 
obtained is raised. In order to raise the yield of fullerene, it is indicated by the Patent RiMication Heisei 
No. 507879 [ six to ] official report that it is necessary to raise flame temperature, and the approach of 
supplying energy to a flame further from an extemal energy source as the means is described. And as a 
desirable energy source, electric resistance heating of an input style, microwave heating, discharge 
heating, and counterflow heating are mentioned. By raising flame temperature, while the pyrolysis of a 
carbonaceous raw material is promoted, hot combustion generation gas is obtained, and it becomes 
advantageous to formation of a fullerene precursor. However, the rise of flame temperature is also 
promoting disassembly of the fullerene precursor formed into combustion generation gas. For this 
reason, the existence time amount at which the formed fullerene precursor is stabilized in combustion 
generation gas, and can stay becomes short, and the yield of fullerene falls. Furthermore, in order to 
collect the generated fullerene, it is necessary to lower the temperature of the combustion generation gas 
containing fullerene to the optimal temperature for recovery. For this reason, if the temperature of 
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combustion generation gas is too high, enhancement and the cooldown delay of a cooling system will 
become long, and will become the factor which makes the manufacturing cost of fullerene increase. 
[0006] Since fullerene is various as the exotic material which bears the next generation, and new 
materials, it is observed, and development of the manufacturing installation of fullerene possible in 
attaining all the neither more nor less in the increase in efficiency of the fullerene recovery by formation 
of the fullerene precursor by pyrolysis promotion of the carbonaceous raw material by elevated- 
temperature-izing of such combustion generation gas and optimization of the temperature of combustion 
generation gas and cooling of the combustion generation gas containing the fullerene which existence 
time amount secured and generated is desired. This invention was made in view of this situation, and 
aims at securing formation and stabilization of a fullerene precursor and offering the manufacturing 
installation of extensive and the fullerene which it manufactures cheaply and easily and can be collected 
for fullerene by controlling the temperature distribution in the fission reactor of fullerene in manufacture 
of the fullerene by the combustion method. 
[0007] 

[Means for Solving the Problem] this invention persons completed a header and this invention for the 
ability of a fullerene precursor for formation and stabilization of a fullerene precursor in combustion 
generation gas to be promoted, and to be efficiently grown up into fullerene by controlling the 
temperature distribution in the fission reactor of fullerene, as a result of examining various generation 
processes of the fullerene in the extensive and cheap manufacture approach of fullerene by the 
combustion method. The manufacturing installation of the fullerene conceming this invention in 
alignment with said purpose With a fission reactor equipped with the burner section for combustion 
which has a carbon content compound feed hopper and oxygen content gas supply opening It is the 
manufacturing installation of the fullerene which the carbon content compound and oxygen content gas 
used as a raw material are burned, and manufactures fullerene. In the outside of said fission reactor 
Refrigeration capacity was prepared independently in multistage to the migration direction of a 
combustion generation gas stream in which said carbon content compound is formed by burning under 
said oxygen content gas in two or more controllable outside cooling sections. 
[0008] It becomes possible to control the temperature inside each outside cooling section and the 
corresponding fission reactor to arbitration to the direction of a combustion generation firedamp 
migration, respectively by preparing the outside cooling section which can control refrigeration capacity 
independently in the outside of a fission reactor to the direction of a combustion generation firedamp 
migration in a fission reactor multistage. Consequently, the temperature of combustion generation gas 
can be changed based on the temperature inside a fission reactor. For example, in the field in which the 
pyrolysis of a carbon content compound is promoted, the inside temperature of a fission reactor is 
managed so that hot combustion generation gas may be obtained. Consequently, the high pyrolysate of 
labile can be made to exist in combustion generation gas. Moreover, in the field in which a fiiUerene 
precursor is formed first, the inside temperature of a fission reactor is managed so that the temperature 
of combustion generation gas may be held. Consequently, formation of a fullerene precursor can be 
promoted. Furthermore, in the field which grows while a fullerene precursor moves with a combustion 
generation gas stream, and becomes fullerene, the inside temperature of a fission reactor is managed so 
that the formed fullerene precursor may be stabilized and it can exist and grow up. Consequently, the 
temperature of surrounding combustion generation gas can be gradually reduced with migration of a 
fullerene precursor, and fullerene can be made to generate efficiently from a fullerene precursor. 
Subsequentiy, in the field which generation of fullerene completed, the inside temperature of a fission 
reactor is managed so that the temperature of combustion generation gas can be reduced further. 
Consequently, temperature of the combustion generation gas containing fullerene can be made into the 
optimal temperature for recovery of fullerene. 

[0009] In the manufacturing installation of the fullerene conceming this invention, it can consider as the 
configuration which said each outside cooUng section becomes from any 1 of a cooling pipe or the 
cooling jackets. The outside cooling section can be formed simple and cheaply by using a cooling pipe. 
Refrigeration capacity can be changed by adjusting a class, a flow rate, etc. of a fluid which are passed 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/4/2005 



to anchoring spacing of a cooling pipe, the path of a cooling pipe, and a cooling pipe in that case. 
Moreover, the refrigeration capacity of the outside cooling section can be raised by forming the outside 
cooling section with a water cooled jacket. Refrigeration capacity can be changed by adjusting a class, a 
flow rate, etc. of a fluid which pass the inside of a cooling jacket to the passage of flowing fluid, the 
volume of a cooling jacket, and a cooling jacket in that case. Furthermore, wide range refrigeration 
capacity can be adjusted for every part by using together the outside cooling section formed with the 
cooling pipe, and the outside cooling section formed with the cooling jacket. That is, a cooling jacket 
can be installed in the part which needs big refrigeration capacity, a cooling pipe can be installed in die 
part which seldom needs refrigeration capacity, and optimal cooling can be performed. 
[0010] In the manufacturing installation of the fullerene concerning this invention, any 1 of the 
refrigerants other than water or water can be circulated in said each outside cooling section. By 
circulating water in the outside cooling section, it can cool cheaply and simple. Moreover, refrigeration 
capacity can be broadly adjusted by using refrigerants other than water, for example, the refrigerant with 
which the boiling points differ like a thermal oil, for the outside cooling section. Furthermore, 
refrigeration capacity can be broadly adjusted for every part of each extemal-intercooling section by 
using together the outside cooling section which circulated water, and the outside cooling section which 
circulated refrigerants other than water. 

[0011] In the manufacturing installation of the fullerene concerning this invention, the bridge wall which 
divides said combustion generation gas stream can be prepared in the interior of said fission reactor, and, 
moreover, it can consider as the configuration in which refrigeration capacity prepared independently 
two or more controllable inside cooling sections in multistage to the flow direction of said combustion 
generation gas stream inside this bridge wall. It becomes possible to control the skin temperature inside 
[ furnace ] the bridge wall corresponding to each inside cooling section to arbitration to the direction of a 
combustion generation firedamp migration, respectively by establishing the bridge wall which divides a 
combustion generation gas stream in a fission reactor, and preparing the inside cooling section which 
can control refrigeration capacity independently inside this bridge wall. Consequently, the temperature 
of combustion generation gas can be changed based on the skin temperature inside [ furnace ] a bridge 
wall. And so that hot combustion generation gas may be obtained in the field in which the pyrolysis of a 
carbon content compound is promoted So that the temperature of combustion generation gas may be 
held in the field in which a fullerene precursor is formed first Moreover, so that the fullerene precursor 
formed in the field which grows while a fullerene precursor moves with a combustion generation gas 
stream, and becomes fullerene may be stabilized and it can exist and grow up Furthermore, temperature 
is controllable by the field which generation of fullerene completed to reduce the temperature of 
combustion generation gas further. 

[0012] In the manufacturing installation of the fullerene concerning this invention, it can consider as the 
configuration which said each inside cooling section becomes from any 1 of a cooling pipe or the 
cooling jackets. The inside cooling section can be formed simple and cheaply by using a cooling pipe. 
Refrigeration capacity can be changed by adjusting a class, a flow rate, etc. of a fluid which are passed 
to anchoring spacing of a cooling pipe, the path of a cooling pipe, and a cooling pipe in that case. 
Moreover, die refrigeration capacity of the inside cooling section can be raised by forming the inside 
cooling section with a water cooled jacket. Refrigeration capacity can be changed by adjusting a class, a 
flow rate, etc. of a fluid which pass the inside of a cooling jacket to the passage of flowing fluid, the 
volume of a cooling jacket, and a cooling jacket in that case. Furthermore, the refrigeration capacity in 
every part can be broadly adjusted by using a cooling pipe and a cooling jacket together. That is, a 
cooling jacket can be installed in the part which needs big refrigeration capacity, a cooling pipe can be 
installed in the part which seldom needs refrigeration capacity, and optimal cooling can be performed. 
[0013] In the manufacturing installation of the fullerene concerning this invention, any 1 of the 
refrigerants other than gas, water, and water can be circulated in said each inside cooling section. By 
circulating water in the inside cooling section, it can cool cheaply and simple. Refrigeration capacity can 
be broadly adjusted by using refrigerants other than gas and water, for example, the refrigerant with 
which the boiling points differ like a thermal oil, for the inside cooling section. Refrigeration capacity 
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can be broadly adjusted for every each part grade of each inside cooling section by using together the 

inside cooling section which circulated refrigerants other than gas, water, and water. 

[0014] 

[Embodiment of the Invention] Then, referring to the attached drawing, it explains per gestalt of the 
operation which materialized this invention, and an understanding of this invention is presented. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacturing installation of fuUerene. 
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PRIOR ART 



[Description of the Prior Art] FuUerene is the generic name of the third carbon allotrope which ranks 
second to a diamond and a graphite, and is the carbon molecule of the shape of hollow husks closed in 
the network of five membered-rings and six membered-rings so that it might be represented by C60 and 
C70 grade. Although it is comparatively that existence of fuUerene was finally checked and it is a 
comparatively new carbon material, it is admitted that the special molecular structure, therefore specific 
physical property are shown, for example, innovative application development is being quickly 
developed over the wide range following fields. 

(1) Application to a superhard ingredient : since manufacture of the artificial diamond which has a fine 
crystal grain child by using fuUerene as a precursor is possible, use to an abrasion resistance material 
with added value is expected. 

(2) Application to drugs : research as an application of an anticancer agent, an acquired immunode- 
ficiency syndrome, osteoporosis and the Alzheimer remedy, a contrast medium, a stent ingredient; etc. is 
advanced by using C60 derivative and an optical device. 

(3) Application to a superconducting material : if metallic potassium is doped to a fuUerene thin film, it 
is discovered that a superconducting material with a high transition temperature called 18K can be made, 
and since various, attract attention. 

(4) Application to semi-conductor manufacture : it uses that resist structure is further strengthened with 
mixing C60 with a resist, and the application to next-generation semi-conductor manufacture is 
expected. 

[0003] Also in the fuUerene of various carbon numbers, C60 and C70 are comparatively easy to 
compound, and it is expected that future need so also increases explosively. The approach shown below 
as the manufacture approach of fuUerene learned now is mentioned. 

(1) How to irradiate the pulse laser of a high energy consistency at the carbon target placed into laser 
vacuum deposition rare gas, evaporate a carbon atom, and compound fuUerene. Into an electric furnace, 
the quartz tube with which inert gas flows is made to penetrate, and a graphite sample is placed into the 
quartz tube. If laser is irradiated from the upstream of the flow of gas at a graphite sample and a carbon 
atom is evaporated, the soot containing fuUerene, such as C60 and C70, wUl adhere to the wall of the 
quartz tube near an electric furnace outlet. However, the evaporation per shot of a pulse laser is sUght, 
and it is unsuitable for extensive manufacture of fuUerene. 

(2) The approach to which carry out energization heating of the graphite rod in the gaseous helium 
ambient atmosphere below resistance heating method atmospheric pressure, and a carbon atom is made 
to sublimate. Since the electric resistance loss in the energization circuit constituted from a graphite rod 
is large, it is unsuitable for extensive manufacture of fuUerene. 

(3) the-ten number of arc discharge methods ~ the approach to which the carbon atom by the side of a 
lifting and an anode plate is made to subUmate arc discharge in the condition of having contacted two 
graphite electrodes lightly in the gaseous helium ambient atmosphere held to kPa, or having detached 
about l-2mm. It is used for extensive manufacture of the fuUerene in current and a works scale. 

(4) How to heat an eddy current to raw material graphite by radio frequency heating method high 
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frequency induction, heat raw material graphite with a sink and the Joule's heat to generate, and 

evaporate a carbon atom. 

(5) The approach of carrying out the incomplete combustion of the hydrocarbon raw materials, such as 
benzene, in the mixed gas of inert gas, such as combustion method helium, and oxygen. Manufacture 
effectiveness is not good at the point that several% of a benzene fuel serves as soot, and about 10% of 
them becomes fullerene. However, the soot which sub** is observed as a method of mass-producing the 
fuUerene which opposes an arc synthesis method in respect of a manufacturing installation being usable 
to liquid fuel etc., and simple etc. 

(6) The approach of carrying out the pyrolysis of the naphthalene thermal decomposition method 
naphthalene at about 1000 degrees C. 

[00041 As mentioned above, although the synthesis method of various fullerene by current is proposed, 
in which approach, the method of manufacturing fullerene in large quantities cheaply until now is not 
established. A combustion method is considered one of these approaches of the cheapest and efficient 
manufacture approach, and the manufacture approach of the fullerene by buming a carbon inclusion in a 
flame in the Patent Publication Heisei No. 507879 [ six to ] official report, and collecting condensates in 
it is indicated. When this manufacture approach bums a carbon inclusion in a flame, fullerene is 
manufactured and the fuel for combustion and the raw material of fullerene serve as the same carbon 
inclusion substantially. Although fullerene is contained in the soot-like matter and it is generated, a part 
of this soot-like matter is the so-called carbon black. As the manufacture approach of carbon black, the 
furnace method, a channel process, thermal **, the acetylene method, etc. are learned, and the furnace 
method is mentioned as the industrial general manufacture approach. By this approach, use a cylinder- 
like fission reactor, supply oxygen content gas and fuels, such as air, to horizontal or a perpendicular 
direction to **** in the 1st reaction band, for example, and a combustion gas style is produced. Make it 
move to the 2nd reaction band which has the cross section which was installed in the lower stream of a 
river of furnace shaft orientations in the obtained combustion gas style, and was reduced as compared 
with the 1st reaction band, and supply a carbonaceous raw material (stock oil), for example, a 
hydrocarbon, it is made then, to react into a combustion gas style, and carbon black is made to generate. 
Subsequently, the combustion gas style containing carbon black is moved to the 3rd reaction band on the 
lower stream of a river of the 2nd reaction band, cooling processing of spraying of cooling water etc. is 
performed in the style of combustion gas, combustion gas is quenched, a reaction is stopped, and carbon 
black is collected. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In the manufacturing installation of fullerene according to claim 1 to 6 In the 
outside of a fission reactor, since refrigeration capacity was prepared in multistage to the migration 
direction of a combustion generation gas stream in which a carbon content compound is formed 
independently by burning under oxygen content gas, two or more controllable outside cooling sections 
By controlling the temperature distribution over the flow direction of the combustion generation gas in a 
fission reactor Pyrolysis promotion of the carbon content compound by elevated-temperature-izing of 
combustion generation gas, the promotion of formation of the fullerene precursor in combustion 
generation gas. It becomes possible to attain the increase in efficiency of the fullerene recovery by 
cooling of the combustion generation gas containing the fullerene which fullerene precursor's existence 
time amount secured and generated, respectively. Consequently, it becomes possible to become possible 
to manufacture fullerene in large quantities and easily and to collect it, and to reduce the manufacturing 
cost of fullerene. 

[0028] Especially, since each outside cooling section consists of any 1 of a cooling pipe or the cooling 
jackets in the manufacturing installation of fullerene according to claim 2, it becomes possible to control 
the outer wall inside temperature of a fission reactor simple and cheaply, and to control the temperature 
distribution over the direction of a combustion generation firedamp migration. Consequently, it becomes 
possible to attain the improvement in the yield of fullerene, and the increase in efficiency of fullerene 
recovery. Moreover, refrigeration capacity can be adjusted by using together the outside cooling section 
which consists of a cooling pipe and a cooling jacket, and it becomes possible to control strictly the 
temperature distribution over the direction of a combustion generation firedamp migration in a fission 
reactor. Consequently, it becomes possible to attain further the improvement in the yield of fullerene, 
and the increase in efficiency of fullerene recovery. 

[0029] In the manufacturing installation of fullerene according to claim 3, since any 1 of the refrigerants 
other than water or water is circulated in each outside cooling section, it becomes possible by changing 
refrigeration capacity and cooling by choosing [ for the purpose of refrigerants other tlian water or 
water ], to control effectively the temperature distribution of the combustion generation gas stream over 
the fl€w direction of combu^ioft generation gas. Consequently, it becomes possible to attain the 
improvement in the yield of fullerene, and the increase in efficiency of fullerene recovery. Moreover, 
refrigeration capacity can be adjusted by using together refrigerants other than water and water, and it 
becomes possible to control strictly the temperature distribution over the direction of a combustion 
generation firedamp migration in a fission reactor. Consequently, it becomes possible to attain further 
the improvement in the yield of fullerene, and the increase in efficiency of fullerene recovery. 
[0030] In the manufacturing installation of fullerene according to claim 4, since the bridge wall which 
divides a combustion generation gas stream was prepared in the interior of a fission reactor and 
refrigeration capacity moreover prepared independently two or more controllable inside cooling sections 
in multistage to the flow direction of a combustion generation gas stream inside the bridge wall, it 
becomes possible to control the temperature distribution over the direction of a combustion generation 
firedamp migration in a fission reactor to become uniform at the outside in a fission reactor, and a 
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center-section side. Consequently, also in a large-sized fission reactor, the temperature distribution over 
the direction of a combustion generation firedamp migration in a fission reactor can be controlled 
strictly, it becomes possible to manufacture fuUerene in large quantities and to collect it, and it becomes 
possible to reduce the manufacturing cost of fullerene further. 

[0031] In the manufacturing installation of fullerene according to claim 5, since each inside cooling 

section consists of any 1 of a cooling pipe or the cooling jackets, it becomes possible to control the skin 
temperature of the bridge wall established in the fission reactor simple and cheaply, and to control the 
temperature distribution over the direction of a combustion generation firedamp migration. 
Consequently, it becomes possible to attain the improvement in the yield of fullerene, and the increase 
in efficiency of fullerene recovery. Moreover, refrigeration capacity can be adjusted by using together 
the inside cooling section which consists of a cooling pipe and a cooling jacket, and it becomes possible 
to control strictly the temperature distribution over the direction of a combustion generation firedamp 
migration in a fission reactor. Consequently, it becomes possible to attain further the improvement in the 
yield of fullerene, and the increase in efficiency of fullerene recovery. 

[0032] In the manufacturing installation of fullerene according to claim 6, since any 1 of the refrigerants 
other than gas, water, and water is circulated, it becomes possible to choose the respectively optimal 
refrigeration capacity and to control effectively the temperature distribution in the fission reactor to the 
flow direction of combustion generation gas at each inside cooling section. Furthermore, it becomes 
possible to control so that temperature becomes uniform by the outside of a fission reactor, and the 
center-section side. Consequently, also in a large-sized fission reactor, the temperature distribution in the 
fission reactor to the flow direction of combustion generation gas can be controlled effectively, it 
becomes possible to manufacture fullerene in large quantities and to collect it, and it becomes possible 
to reduce the manufacturing cost of fullerene further. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, by the manufacture approach of the above- 
mentioned usual carbon black, fullerene is hardly generated. Therefore, in manufacture of fuUerene, it 
has been a big technical problem how the content rate of the fullerene contained in the soot-like matter 
obtained is raised. In order to raise the yield of fullerene, it is indicated by the Patent Publication Heisei 
No. 507879 [ six to ] official report that it is necessary to raise flame temperature, and the approach of 
supplying energy to a flame further from an external energy source as the means is described. And as a 
desirable energy source, electric resistance heating of an input style, microwave heating, discharge 
heating, and counterflow heating are mentioned. By raising flame temperature, while the pyrolysis of a 
carbonaceous raw material is promoted, hot combustion generation gas is obtained, and it becomes 
advantageous to formation of a fullerene precursor. However, the rise of flame temperature is also 
promoting disassembly of the fullerene precursor formed into combustion generation gas. For this 
reason, the existence time amount at which the formed fullerene precursor is stabilized in combustion 
generation gas, and can stay becomes short, and the yield of fullerene falls. Furthermore, in order to 
collect the generated fullerene, it is necessary to lower the temperature of the combustion generation gas 
containing fullerene to the optimal temperature for recovery. For this reason, if the temperature of 
combustion generation gas is too high, enhancement and the cooldown delay of a cooling system will 
become long, and will become the factor which makes the manufacturing cost of fullerene increase. 
[0006] Since fullerene is various as the exotic material which bears the next generation, and new 
materials, it is observed, and development of the manufacturing installation of fullerene possible in 
attaining all the neither more nor less in the increase in efficiency of the fullerene recovery by formation 
of the fullerene precursor by pyrolysis promotion of the carbonaceous raw material by elevated- 
temperature-izing of such combustion generation gas and optimization of the temperature of combustion 
generation gas and cooling of the combustion generation gas containing the fullerene which existence 
time amount secured and generated is desired. This invention was made in view of this situation, and 
aims at securing formation and stabilization of a fullerene precursor and offering the manufacturing 
installation of extensive and the fullerene which it manufactures cheaply and easily and can be collected 
for fullerene by contEoUing.thfi tecaperatum di&tdbuIiQn. in. the. fission reactor of fullerene in manufacture 
of the fullerene by the combustion method. 
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MEANS 



[Means for Solving the Problem] this invention persons completed a header and this invention for the 
ability of a fullerene precursor for formation and stabilization of a fullerene precursor in combustion 
generation gas to be promoted, and to be efficiently grown up into fullerene by controlling the 
temperature distribution in the fission reactor of fullerene, as a result of examining various generation 
processes of the fullerene in the extensive and cheap manufacture approach of fullerene by the 
combustion method. The manufacturing installation of the fullerene concerning this invention in 
alignment with said purpose With a fission reactor equipped with the burner section for combustion 
which has a carbon content compound feed hopper and oxygen content gas supply opening It is the 
manufacturing installation of the fullerene which the carbon content compound and oxygen content gas 
used as a raw material are burned, and manufactures fullerene. In the outside of said fission reactor 
Refrigeration capacity was prepared independently in multistage to the migration direction of a 
combustion generation gas stream in which said carbon content compound is formed by burning under 
said oxygen content gas in two or more controllable outside cooling sections. 
[0008] It becomes possible to control the temperature inside each outside cooling section and the 
corresponding fission reactor to arbitration to the direction of a combustion generation firedamp 
migration, respectively by preparing the outside cooling section which can control refrigeration capacity 
independently in the outside of a fission reactor to the direction of a combustion generation firedamp 
migration in a fission reactor multistage. Consequently, the temperature of combustion generation gas 
can be changed based on the temperature inside a fission reactor. For example, in the field in which the 
pyrolysis of a carbon content compound is promoted, the inside temperature of a fission reactor is 
managed so that hot combustion generation gas may be obtained. Consequently, the high pyrolysate of 
labile can be made to exist in combustion generation gas. Moreover, in the field in which a fullerene 
precursor is formed first, the inside temperature of a fission reactor is managed so that the temperature 
of combustion generation gas may be held. Consequently, formation of a fullerene precursor can be 
promoted. Furthermore, in the field which grows while a fullerene precursor moves with a combustion 
generation gas stream, and becomes fullerene, the inside temperature of a fission reactor is managed so 
that the formed fullerene precursor may be stabilized and it caaexkt aad grow up. Consequently, the 
temperature of surrounding combustion generation gas can be gradually reduced with migration of a 
fullerene precursor, and fullerene can be made to generate efficiently from a fullerene precursor. 
Subsequentiy, in tiie field which generation of fullerene completed, tiie inside temperature of a fission 
reactor is managed so that the temperature of combustion generation gas can be reduced further. 
Consequentiy, temperature of the combustion generation gas containing fullerene can be made into the 
optimal temperature for recovery of fullerene. 

[0009] In the manufacturing installation of the fullerene concerning this invention, it can consider as the 
configuration which said each outside cooling section becomes from any 1 of a cooling pipe or the 
cooling jackets. The outside cooling section can be formed simple and cheaply by using a cooling pipe. 
Refrigeration capacity can be changed by adjusting a class, a flow rate, etc. of a fluid which are passed 
to anchoring spacing of a cooling pipe, the path of a cooling pipe, and a cooling pipe in that case. 
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Moreover, the refrigeration capacity of the outside cooling section can be raised by forming the outside 
cooling section with a water cooled jacket. Refrigeration capacity can be changed by adjusting a class, a 
flow rate, etc. of a fluid which pass the inside of a cooling jacket to the passage of flowing fluid, the 
volume of a cooling jacket, and a cooling jacket in that case. Furthermore, wide range refrigeration 
capacity can be adjusted for every part by using together the outside cooling section formed with the 
cooling pipe, and tfie outside cooling section formed with the cooling jacket. That is, a cooling jacket 
can be installed in the part which needs big refrigeration capacity, a cooling pipe can be installed in the 
part which seldom needs refrigeration capacity, and optimal cooling can be performed. 
[0010] In the manufacturing installation of the fullerene concerning this invention, any 1 of the 
refrigerants other than water or water can be circulated in said each outside cooling section. By 
circulating water in the outside cooling section, it can cool cheaply and simple. Moreover, refrigeration 
capacity can be broadly adjusted by using refrigerants other than water, for example, the refrigerant with 
which the boiling points differ like a thermal oil, for the outside cooling section. Furthermore, 
refrigeration capacity can be broadly adjusted for every part of each extemal-intercooling section by 
using together Ae outside cooling section which circulated water, and the outside cooling section which 
circulated refrigerants other than water. 

[0011] In the manufacturing installation of the fullerene concerning this invention, the bridge wall which 
divides said combustion generation gas stream can be prepared in the interior of said fission reactor, and, 
moreover, it can consider as the configuration in which refrigeration capacity prepared independently 
two or more controllable inside cooling sections in multistage to the flow direction of said combustion 
generation gas stream inside this bridge wall. It becomes possible to control the skin temperature inside 
[ furnace ] the bridge wall corresponding to each inside cooUng section to arbitration to the direction of a 
combustion generation firedamp migration, respectively by establishing the bridge wall which divides a 
combustion generation gas stream in a fission reactor, and preparing the inside coohng section which 
can control refrigeration capacity independently inside this bridge wall. Consequently, the temperature 
of combustion generation gas can be changed based on the skin temperature inside [ furnace ] a bridge 
wall. And so that hot combustion generation gas may be obtained in the field in which the pyrolysis of a 
carbon content compound is promoted So that the temperature of combustion generation gas may be 
held in the field in which a fullerene precursor is formed first Moreover, so that the fullerene precursor 
formed in the field which grows while a fullerene precursor moves with a combustion generation gas 
stream, and becomes fullerene may be stabilized and it can exist and grow up Furthermore, temperature 
is controllable by the field which generation of fullerene completed to reduce the temperature of 
combustion generation gas further. 

[0012] In the manufacturing installation of the fullerene concerning this invention, it can consider as the 
configuration which said each inside cooling section becomes from any 1 of a coohng pipe or the 
cooling jackets. The inside cooling section can be formed simple and cheaply by using a cooling pipe. 
Refrigeration capacity can be changed by adjusting a class, a flow rate, etc. of a fluid which are passed 
to anchoring spacing of a cooling pipe, the path of a coohng pipe, and a cooling pipe in that case. 
Moreover, the refrigeration capacity of the inside cooling section can be raised by forming the inside 
cooling section with a water cooled jacket. Reftigemtron capacity can be changedbyadjxrstingaclass, a 
flow rate, etc. of a fluid which pass the inside of a cooling jacket to the passage of flowing fluid, the 
volume of a cooling jacket, and a cooling jacket in that case. Furthermore, the refrigeration capacity in 
every part can be broadly adjusted by using a cooling pipe and a cooling jacket together. That is, a 
cooling jacket can be installed in the part which needs big refrigeration capacity, a cooling pipe can be 
installed in the part which seldom needs refrigeration capacity, and optimal cooling can be performed. 
[0013] In the manufacturing installation of the fullerene concerning this invention, any 1 of the 
refrigerants other than gas, water, and water can be circulated in said each inside cooling section. By 
circulating water in the inside cooling section, it can cool cheaply and simple. Refrigeration capacity can 
be broadly adjusted by using refrigerants other than gas and water, for example, the refrigerant with 
which the boiling points differ like a thermal oil, for the inside cooling section. Refrigeration capacity 
can be broadly adjusted for every each part grade of each inside cooling section by using together the 
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inside cooling section which circulated refrigerants other than gas, water, and water. 
[0014] 

[Embodiment of the Invention] Then, referring to the attached drawing, it explains per gestalt of the 
operation which materialized this invention, and an understanding of this invention is presented. They 
are the whole manufacturing installation outline sectional view of the fullerene which the whole 
manufacturing installation outline sectional view of the fullerene which drawing 1 (A) and (B) require 
for the gestalt of operation of the 1st of this invention, respectively, the explanatory view of the burner 
section for combustion having shown arrangement of the feed hopper of a carbon content compound and 
oxygen content gas, drawing 2 (A), and (B) require for the gestalt of operation of the 2nd of this 
invention here, respectively, and the top view of a bridge wall. As shown in drawing 1 (A), the 
manufacturing installation 10 of the fullerene concerning the gestalt of operation of the 1st of this 
invention has a fission reactor 1 1 and the burner section 12 for combustion prepared in the lower part of 
a fission reactor 11. Hereafter, these are explained to a detail. The fission reactor 11 is equipped with the 
cylindrical shape-like side-attachment-wall section 13 and the edge wall 15 which it connects with the 
end side of the side-attachment-wall section 13, and an outer diameter contracts gradually, and forms the 
exhaust port 14. The side-attachment-wall section 13 and the edge wall 15 consist of heat-resisfing steel, 
such as stainless steel. Furthermore, refractories 16 are lined by the inner skin by the side of the other 
end of the side-attachment-wall section 13. As refractories 16, the refractory brick of the quality of an 
alumina and the unshaped refractories of the quality of an alumina can be used, for example. Moreover, 
the end side of an exhaust pipe 17 is connected to an exhaust port 14, and the other end side is connected 
to the exhaust air pump which is not illustrated. For this reason, while changing the inside of a fission 
reactor 1 1 into the reduced pressure condition of under atmospheric pressure, the combustion generation 
gas containing the fullerene generated in the fission reactor 1 1 can be discharged outside through an 
exhaust pipe 17 from the inside of a fission reactor 11. 

[001*5] The outside cooling section 21 which the outside cooUng sections 18, 19, and 20 which consist of 
a cooling jacket turn into from a cooling pipe between the outside cooling section 18 and the outside 
cooling section 19 again is formed in the periphery side by the side of the end of the side-attachment- 
wall section 13, and the other end. Moreover, the outside cooling section 22 which consists of a cooling 
jacket is formed in the periphery side of the edge wall 15. Furthermore, the cooling section 23 which 
consists of a cooling pipe is attached in the periphery of an exhaust pipe 17. Water can be made to be 
able to flow into each outside coohng sections 18, 19, 20, and 22 from Input a, they can be made to 
discharge from a tap hole b, and the refrigeration capacity of each outside cooling sections 18, 19, 20, 
and 22 can be adjusted to them by adjusting the temperature of the water to circulate, a flow rate, and a 
pressure. Water can be made to be able to flow into the outside cooling section 21 and the cooling 
section 23 from Input c, they can be made to discharge from a tap hole d, and the refrigeration capacity 
of the outside cooling section 21 and the cooling section 23 can be adjusted to them by adjusting the 
temperature of the water circulated like the case where it is a cooling jacket, a flow rate, and a pressure. 
In addition, volume spacing of the cooling pipe which constitutes the outside cooling section 21 is set up 
so that it may become small gradually, as it goes up. For this reason, the outside cooling section 21 has 
structure whose refiigeration capacity improves gradually as it goes ta the outerdr caaKng^sectiair 19- 
side from the outside coohng section 18 side. 

[0016] As mentioned above, ** of reducing the inside temperature of a fission reactor 1 1 gradually 
becomes possible from a direction 12 of combustion generation firedamp migration, i.e., the burner 
section for combustion, side towards an exhaust port 14 side by forming each outside cooling sections 
18, 19, 20, 21, and 22 in multistage to the direction of a combustion generation firedamp migration. 
Therefore, m the field which combustion and the pyrolysis of a carbon content compound produce, the 
generated heat becomes is hard to be taken, and hot combustion generation gas comes to be obtained. 
Moreover, the temperature of combustion generation gas comes to be held also in the field in which a 
fullerene precursor is formed first. Furthermore, it is controllable by the field which grows while a 
fullerene precursor moves with a combustion generation gas stream, and becomes fullerene to reduce the 
temperature of surrounding combustion generation gas gradually with migration of a fullerene precursor. 
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Furthermore, in the field which generation of fuUerene completes, the temperature of combustion 
generation gas can be reduced further. 

[0017] The burner section 12 for combustion attached in the other end side of the side-attachment-wall 
section 13 is equipped with the base 24 formed with heat-resisting steel, such as stainless steel, two or 
more feed hoppers (carbon content compound feed hopper) 25 and 26 which are prepared in a base 24 
and carry out the regurgitation of the carbon content compound, and two or more feed hoppers (oxygen 
content gas supply opening) 27 and 28 which carry out the regurgitation of the oxygen content gas. As 
shown in drawing 1 (B), it distributes independently respectively and the feed hoppers 25 and 26 of a 
carbon content compound and the feed hoppers 27 and 28 of oxygen content gas are formed in the base 
24. And opening of the one side of each feed hoppers 25, 26, 27, and 28 is carried out inside a fission 
reactor 11, and the other side is connected to the supply pipe of the carbon content compound which is 
carrying out opening to the outside of a fission reactor 11, and does not illustrate a gap, either, and the 
supply pipe of oxygen content gas, respectively. In addition, the heater is formed in the supply pipe of a 
carbon content compound, and the temperature of the carbon content compound at the time of being 
breathed out inside a fission reactor 11 can be warmed to 200 degrees C. The configuration of each feed 
hoppers 25, 26, 27, and 28 which are carrying out opening inside the fission reactor 1 1 may be arbitrary, 
and may have the shape of an indeterminate form, such as the shape of a polygon, such as the shape of 
an approximate circle form and an ellipse, a triangle, and a square, and a gourd mold. According to this 
invention persons' knowledge, in the configuration in which a circular twist also has a major axis and a 
minor axis like the diameter of an ellipse, or a rectangle, heating of oxygen content gas and the rate of 
dilution speed up more. Therefore, as feed hoppers 25 and 26 of a carbon content compound, the shape 
of an ellipse and an approximate circle form are desirable, as feed hoppers 27 and 28 of oxygen content 
gas, the shape of a rectangle, such as the shape of a slit, is desirable, and it is desirable especially to 
combine these. 

[0018] If opening of the arrangement of the feed hoppers 25 and 26 of a carbon content compound and 
the feed hoppers 27 and 28 of oxygen content gas is respectively carried out inside the fission reactor 11 
independently, it will be possible with arbitration. Although various arrangement is employable 
according to the design condition of the manufacturing installation 10 of fuUerene, such as a class of 
carbon content compound, and the number of each feed hoppers 25, 26, 27, and 28, if each feed hopper 
is arranged by turns on a concentric circle periphery to the axial center of the manufacturing installation 
10 of fiillerene in a hoop direction, since the combustion condition in a fission reactor 1 1 will become 
more uniform for example, it is desirable. In this case, when the configuration of the feed hopper of 
oxygen content gas has a major axis and a minor axis, it is desirable to arrange so that the straight line 
prolonged from the major axis may pass along the core of a circle. Moreover, although you may project 
even if any feed hoppers 25, 26, 27, and 28 which are carrying out opening inside the fission reactor 11 
have the open end on the same flat surface substantially with the front face of a base 24, the same flat- 
surface top is substantially good preferably. Each ** of the carbon content compound supplied in a 
fission reactor 1 1 from the feed hoppers 25 and 26 of a carbon content compound and the feed hoppers 
27 and 28 of oxygen content gas and oxygen content gas Although you may supply from the edge of 
each feed hoppers 25, 26, 27, and 28 at an angle of arbitration to the inside of a fission rector 1 1, so 
that it may become perpendicular substantially to a base 24 preferably further It is desirable to supply so 
that the carbon content compound and/or oxygen content gas which are supplied may be substantially 
spread in concentric circular from the. core of the open end of feed hoppers 25, 26, 27, and 28. 
[0019] Next, the manufacture approach of the fuUerene which applied die manufacturing installation 10 
of the fuUerene concerning the gestalt of operation of the 1st of this invention is explained to a detail. 
While supplying in a fission reactor 1 1 on the conditions on which the amount of the carbon content 
compound supplied from the feed hoppers 25 and 26 of a carbon content compound and the amount of 
oxygen gas supplied from the feed hoppers 27 and 28 of oxygen content gas are adjusted, and a carbon 
content compound combusts incompletely The inside of a fission reactor 1 1 is more preferably held in 
the condition of 10 - 300torr under atmospheric pressure with the exhaust air pump which was 
connected to the exhaust pipe 17 and which is not illustrated, and combustion of a carbon content 
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compound is started with the ignition means which is not illustrated. Here, a carbon content compound 
and oxygen content gas become independent respectively, and since it is breathed out in a fission reactor 
11 from the feed hoppers 25, 26, 27, and 28 of each plurality which separated distance and were 
distributed, they can make homogeneity the combustion condition in a fission reactor 11. Moreover, it 
can promote that a carbon content compound bums in homogeneity by raising the temperature of a 
carbon content compound to 200 degrees C. furthermore, the thing which the oxygen gas concentration 
in oxygen content gas is diluted by inert gas, such as argon gas, and is being fallen ~ in addition, since 
the pressure in a fission reactor 1 1 has become under atmospheric pressure, the combustion condition in 
a fission reactor 1 1 can be changed into the condition that it was similar with the elevated-temperature 
air combustion condition. Consequently, combustion of a carbon content compound advances to 
homogeneity, and can make temperature in a fission reactor 1 1 homogeneity and an elevated 
temperature (for example, 1000-1900 degrees C, preferably 1700-1900 degrees C). 
[0020] As oxygen content gas, the gas (for example, the concentration of inert gas can be adjusted in not 
more than 90 mol % exceeding 0 or 0) which mixed inert gas, such as argon gas, at a rate of arbitration 
can be used for the oxygen gas which is a source of oxygen. As a source of oxygen, from a viewpoint of 
the yield of fullerene, oxygen gas is desirable and air is desirable from a viewpoint of the ease of 
carrying out of acquisition of the source of oxygen etc. In order to raise especially combustion 
temperature, before these oxygen content gas is supplied in a furnace, it is desirable to become hot 
beforehand. As the approach of a preheating, what kind of well-known approaches, such as heat 
exchange with the combustion generation gas which used the heat exchanger, and the so-called 
regeneration burner, may be used. Widi [ the temperature of this preheating ] ordinary temperature 
[ beyond ], what kind of temperature is sufficient, but in order to gather the yield of fullerene, the high 
temperature is more desirable as much as possible. It is desirable more preferably that it is beyond the 
self-ignition temperature of a carbon content compound. As a carbon content compound, coal system 
Uquid fuel, such as petroleum systeni liquid fuel, such as fuel gas, such as a carbon monoxide, natural 
gas, and petroleum gas, and a fuel oil, and creosote oil, can be used. Especially, it is desirable to use the 
aromatic series system hydrocarbon which refined these, and aromatic series system hydrocarbons, such 
as benzene and toluene, are especially desirable. Its higher one is desirable, and it is so desirable that its 
purity is close to 100% in case the purity of a carbon content compound uses an aromatic series system 
hydrocarbon especially. Moreover, in order to gather the yield of fullerene, it is desirable to also dilute a 
carbon content compound using inert gas etc. 

[0021] Then, the temperature change of the combustion generation gas stream in which it bums and 
pyrolyzes and a carbon content compound is formed under oxygen content gas is explained. 1000-1900 
degrees C of temperature of the combustion zone in a fission reactor 1 1 become a 1700-1900-degree C 
elevated temperature preferably by combustion of a carbon content compound, for example. For this 
reason, a non-bumed carbon content compound is pyrolyzed easily, is evaporated, is diffused in the 
combustion gas which occurred by combustion of a carbon content compound, and forms combustion 
generation gas. That the pressure in a fission reactor 11 is combustion in the thin condition that oxygen 
gas concentration is low, under in atmospheric pressure, and since homogeneity combustion is promoted 
and the temperature of combustion generation gas is uniform substantially in the direetioir perpendicular 
to the shaft orientations of a fission reactor 1 1 further, it has been hard coming to generate self- 
circulating flow within the combustion generation gas stream formed by combustion generation gas. 
And since combustion generation gas is exhausted with the exhaust air pump from the exhaust port 14, 
the uniform flow by which a combustion generation gas stream goes to an exhaust port 14 side from the 
burner section 12 side for combustion serves as a subject. 

[0022] From the burner section 12 side for combustion of a fission reactor 11, each refrigeration 
capacity of the side-attachment-wall section 13 of a fission reactor 1 1 and the external -intercooling 
sections 18, 19, 20, 21, and 22 prepared in the periphery side of the edge wall 15 is adjusted so that it 
may become large gradually toward an exhaust port 14 side. For this reason, it becomes possible to 
reduce gradually the inside temperature of the outside cooUng sections 18, 19, 20, 21, and 22 and the 
fission reactor 1 1 which countered to the direction of a combustion generation firedamp migration. For 
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this reason, while the combustion generation gas which moves toward an exhaust port 14 side from the 
burner section 12 side for combustion moves in the inside of a fission reactor 1 1, it will be cooled based 
on the inside temperature of a fission reactor 11. Therefore, in the field in which the pyrolysis of a 
carbon content compound is promoted, since refrigeration capacity is made low, hot combustion 
generation gas is obtained. Consequently, the high pyrolysate of labile can be made to exist in 
combustion generation gas. Moreover, since refrigeration capacity is low also in the field in which a 
fuUerene precursor is formed first, the temperature of combustion generation gas is held. Consequently, 
formation of a fuUerene precursor is promoted. Furthermore, in the field which grows while a fuUerene 
precursor moves with a combustion generation gas stream, and becomes fuUerene, since refrigeration 
capacity becomes large gradually, the temperature of surrounding combustion generation gas falls 
gradually with migration of a fullerene precursor. Consequently, disassembly of a fuUerene precursor is 
controlled and fiiUerene can be made to generate efficiently. Furthermore, in the field which generation 
of fullerene completes, the temperature of combustion generation gas can be reduced further. 
Consequently, temperature of the combustion generation gas containing fullerene can be made into the 
optimal temperature for recovery of fullerene. 

[0023] As shown in drawing 2 (A), the manufacturing installation 29 of the fullerene concerning the 
gestalt of operation of the 2nd of this invention has a fission reactor 30, the bumer section 31 for 
combustion prepared in the lower part of a fission reactor 30, and the bridge wall 32 which is established 
in a fission reactor 30 and divides a combustion generation gas stream. Hereafter, although these are 
explained to a detail, the sign same about the same component is substantially attached with the gestalt 
of the 1st operation, and detailed explanation is omitted. 

[0024] The bridge waU 32 has the supporter material 33 which consisted of heat-resisting steel, such as 
stainless steel which inserted in the inside of an exhaust pipe 17 as shown in drawing 2 (B), and the 
separating wall 34 of four sheets with which an end side is attached in the side face of the supporter 
material 33, and an other end side divides a combustion generation gas stream in contact with the inside 
of a fission reactor 30 (it quadrisects with the gestalt of this operation). Inside each separating wall 34, a 
laminating is carried out to four steps and the inside cooling sections 35, 36, 37, and 38 which consist of 
a cooling jacket, respectively are formed in the longitudinal direction of the supporter material 33. Each 
inside cooling sections 35, 36, 37, and 38 can be made to discharge from the tap hole which water is 
made to flow from the input which is not iUustrated and is not illustrated, and the refrigeration capacity 
of each inside cooling sections 35, 36, 37, and 38 can be adjusted independently to them by adjusting the 
temperature of the water to circulate, a flow rate, and a pressure, for example. Consequently, it becomes 
possible to reduce gradually the skin temperature of the separating wall 34 which constitutes a bridge 
wair32 to the direction of a combustion generation firedamp migration. 

[0025] Next, the manufacture approach of the fullerene which applied the manufacturing installation 29 
of the fuUerene concerning the gestalt of operation of the 2nd of this invention is explained. Since the 
configuration and the conditions of supply of a carbon content compound and oxygen content gas which 
supply in a fission reactor 30 from the bumer section 31 for combustion can set up tike the case of the 
gestalt of the 1st operation, the process which fuUerene generates within the process in_which a carbon 
content compound bums and pyrolyzes under oxygen content gas, and forms a combustion generation 
gas stream, and a combustion generation gas stream becomes that it is the same as that of the case where 
the gestalt of the 1st operation explains. Therefore, the temperature change of the combustion generation 
gas stream by having established the bridge wall 32 is explained. The temperature distribution of the 
inside of the side-attachment-wall section 13 of a fission reactor 30 and the temperature distribution of 
the front face of a bridge wall 32 can be made substantially in agreement by adjusting the refrigeration 
capacity of the outside cooUng sections 18, 19, 20, 21, and 22 prepared in the outside of a fission reactor 
30, and the refrigeration capacity of the inside cooling sections 35, 36, 37, and 38 prepared in the bridge 
wall 32, respectively to the direction of a combustion generation firedamp migration. Therefore, the 
side-attachment-wall section 13 and a bridge wall 32 can perform the same cooling substantially to the 
combustion generation gas which moves toward an exhaust port 14 side in the inside of a fission reactor 
30 from the bumer section 31 side for combustion. Consequentiy, the combustion generation gas by the 
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side of a bridge wall 32 is cooled similarly, and if the combustion generation gas by the side of the side- 
attachment-wall section 13 is also horizontal, it can make uniform substantially temperature of the 
combustion generation gas of the fission reactor 30 interior. For this reason, even if the bore of a fission 
reactor 30 becomes large, the temperature of the combustion generation gas which moves towards an 
exhaust port 14 side from the burner section 31 side for combustion is strictly controllable to the 
direction of a combustion generation firedamp migration. 

[0026] As mentioned above, although the gestalt of operation of this invention is explained, this 
invention is not limited to die gestalt of this operation, and although the bridge wall was constituted 
from a separating wall made from heat-resisting steel, refractories may be lined on die front face of the 
separating wall made from heat-resisting steel. By hning refractories, the thermal resistance of abridge 
wall can be raised, it is in a fission reactor, and also the temperature of combustion generation gas can 
be controlled from an elevated-temperature field. Although each inside cooling sections of all prepared 
in the bridge wall were used as the cooling jacket, all can also be used as a cooling pipe, and also a 
cooling pipe and a cooling jacket can also be used together. Although tfie coohng jacket and the cooling 
pipe were used together as the outside cooling section, it is also possible to prepare only a cooling pipe 
or a cooling jacket. Although water was all circulated in die outside cooling section and the inside 
cooling section, refrigerants other tiian water can be circulated in all the outside cooling sections, or the 
outside cooling section which circulated refrigerants other flian water and water can also be used 
together. Moreover, refrigerants other tiian gas or water can be circulated in all the inside coohng 
sections, or two or more refrigerants chosen as arbitration from refrigerants other than gas, water, and 
water can also be circulated. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OFDRAWDnGS 



[Brief Description of the Drawings] 

[Drawing 11 (A) and (B) are the whole manufacturing installation outline sectional view of the fuUerene 
concerning the gestalt of operation of the 1st of this invention, and the explanatory view of the burner 
section for combustion having shown arrangement of the feed hopper of a carbon content compound and 

oxygen content gas, respectively. 

[ Drawing 21 (A) and (B) are the whole manufacturing installation outline sectional view of the fullerene 
concerning the gestalt of operation of the 2nd of this invention, and the top view of a bridge wall, 

respectively. 

[Description of Notations] 

The manufacturing installation of fullerene, ll:fission reactor, 12 : 10: The burner section for 
combustion, 13: The side-attachment-wall section, 14:exhaust port, 15:edge wall, 16:refractories, 17 : 
An exhaust pipe, 18, 19, 20, 21, 22:outside cooling section, 23:cooling pipe, 24 : A base. The feed 
hopper of the feed hopper of 25 and 26:carbon content compound, 27, and 28:oxygen content gas, the 
manufacturing installation of 29:fullerene, 30:fission reactor, the burner section for 31:combustion, 
32:bridge wall, 33:supporter material, 34:separating wall, 35, 36, 37, 38: Inside cooling section 
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DRAWINGS 




[Drawing 2] 
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